Abstract-An efficient water management system placed a great emphasize in the water distribution network efficiency. Water pipeline leakages is one of the prominent issues in water distribution network that has caught the interest to most researchers. A lot of research and studies have been conducted in the past few decades in addressing this issue with the objectives of detecting and localizing the leakages accurately and efficiently. Detecting the pipeline leakages is the first step and for a complete solution the detection must follow with the leakage localization. This paper reviewed some of the localization techniques that has been proposed, explored and studied. Each technique is reviewed and discussed, where challenges are highlighted. A localization technique using vibration sensor is also proposed.
I. INTRODUCTION
Water pipeline is one of the main pillar in delivering water supply in every countries. Aging infrastructures, severe environment conditions and third party damages have been identified as the main cause for pipeline leakage [1] . Report published by World Bank in 2016 highlighted there are total of 45 billion cubic meter water loss in a year. This huge amount of losses is equivalent to USD 3 billion from economic point of view and it can supply water to 90 million people [2] . During a leakage, part of the water delivered within the water distribution network was wasted and this further affects the Non-Revenue Water (NRW) efficiency to the water utilities company. Minimizing the NRW is one of the challenges encountered by the water utilities company because NRW that cannot be control can caused vicious cycle [3] . Explaining the detail of pipeline leakages in [4] emphasized that there are two main factors that affecting the NRW: real losses and apparent losses. Real losses was due to pipe burst, pipe leakages and overflow while the apparent losses was due to meter inaccuracies, illegal tapping, water maintenance, reservoir cleaning, fire brigade use and others. Statistics from [3] exhibits in 2008, real losses accounted of 61.5% from total water loss. Therefore there is an urgency that needs to detect the pipeline leakage and localize it in the fastest time with accuracy is the main benchmark.
Pipeline leakages can be reported or unreported. The former normally applies to pipeline leakages that located above the ground and within a community centre. The leakages is visible while the later applies to pipeline that located underground or far from community. Even though the leakages is visible, it still takes some time before the leak was reported to the relevant authority and the worst goes to the later where nobody knows or aware until the symptoms is visible such as low water pressure or water supply interruptions. In the past few decades, numerous study and researches has been done to solve or at least minimize this issue. The research field in the leakage localization area essentially can be segmented into two categories: hardware based and software based. Hardware based refers to external system such as sensors (acoustic, pressure and vibration), mobile wireless sensor, fiber optic, infra-red, radar and electrokinetic while the software based refers to the internal system that relates with classifiers, customized algorithm, event detection and methods to localize the leakage. Most of the research and studies in internal system use pressure sensor to capture the data to be processed in the next stage.
The objective of this paper is to review some of the leakage localization techniques that has been used in the recent years. Each methods will be discussed in terms of the advantages and limitations. This paper will also proposed a localization technique using vibration sensor. Section 2 present the discussion review of the localization method and highlight the advantages and limitations each of them. Section 3 proposed localization method followed by conclusion in Section 4.
II. REVIEW LOCALIZATION METHODS
The research efforts in this field can be classified into two as depicted in Fig. 1 . From statistical point of view, leak detection is a detection problem while leak localization is an estimation problem. There are two categories of leakage localization techniques; the external system and internal system. The external system is the use of external sensor attached to the pipeline captured the data and generate an alarm while the internal system is based on the application of numerous methods and techniques such as classifiers, mass-balancing, multi-label and residuals to process and analyze the data captured by external hardware. The internal system in general does not limited to specific type of sensors. [5] .
A. External System
Distributed Temperature Sensing (DTS) technology is one of the widely used technique for pipeline leakage detection. Preliminary works in DTS to localize the leakages in sewage pressure pipes were undertaken by [6] . The experiment was conducted using Silica XT-DTS device with maximum spatial resolution of 0.25 meter and a temporal solution of 10 second and a Brusens temperature Fiber Optic (FO) cable. The FO cable were installed permanently within the pipe protective sheathing. During the experiment, special focus were given in varying the cable positioning within the pipeline. The pressure pipe was made from U-shaped Polyvinyl Chloride (PVC) 6 meter length and diameter of 20 centimeter. The DTS cable were threaded into the pipe using taut wire. There is a calibration section with ice and warm bath at both ends. The cable positioning were located in every 25 centimeter and three reference sections were used to calculate the calibration parameters. A local temperature drop transpired when there is a water intrusion from leakages into the pipe. 13 sets of measurement sequences were supervised under numerous measurement conditions which include number of leakages and FO positioning. Tests were conducted with multiple leakages of different size and different spatial resolutions. However this techniques encountered a challenges when testing in real world because of temperature gradients within the pipe system over longer distance and cable placement. Despite of DTS is well proven technology that has the efficacy to detect very small leaks in short time but it becomes complicated to measure minimum detectable leak size or guarantee a maximum detection time [7] .
When it comes to a choice of sensor for long distance pipelines, FO cable gains an upper hand compared to traditional electrical gauges because of invulnerability to electromagnetic interferences, high accuracies and multiplexibility. This distinct advantages inspired researchers in [8] to investigate the pipeline leakages by proposing an integrated approach of an advanced Fiber Bragg Grating (FBG) Hoop strain sensors and Background Propagation (BP) neural network classification algorithm. The FBG hoop strain sensors were installed along the pipeline as the sensing element to measure the hoop strain variations. There are various multilayer network to train the weights of nonlinear differential function. BP neural network was chosen because of its advantages in terms of fault-tolerance, self-organized learning and self-adaptivity when processing huge data amount in long distance pipeline monitoring. The input neurons from five hoop strain variations were used to achieve pattern recognition to predict the leakage points. The results obtained indicates that a different leak location induces a different hoop strain variations which further were analyzed using machine learning method to predict the leak localization. A leakage occurred in a pipeline caused a drop in pressure which forms a Negative Pressure Wave (NPW) that propagates along the pipeline. The pressure drop detected by sensor can be measured to determine the NPW arrival time and by combining two sensors, the leak location can be estimated. In this study, the researchers estimate the leakage locations using a series of hoop strains values composes eigenvectors. This study only focused an ideal pipeline without taken into account external factors. There are various possibilities that need to be explored such as buried pipelines, overhead pipelines or subsea pipelines to enhance the neural network using hoop strain variations.
Ground Penetrating Radar (GPR) is one of the widely used inspection techniques in geophysical imaging for subsurface exploration and monitoring though it is widely known that this technique is time consuming and there exist an uncertainty to provide reliable leakage location result. On the other hand, Infra-Red (IR) technology has been used extensively to detect pipeline leakage apart from the constraints of measured radiation is very much affected by the object temperature, weather conditions, soil and pavement surface conditions [9] . Researchers in [9] proposed a leakage detection and localization method by integrating the GPR & IR. The equipment used in data collections are MALA GPR and VarioCAM 400 IR camera. The buried pipe were identified using GPR technology and IR images were collected for simulated and actual leaks. A new algorithm were introduced to segment the images into leakage and non-leakage areas with the centroid of each leakage were calculated using Green's theorem. The pipe locations were compared with weak location using second layer from GPR images that overlaid with IP images. The estimated leakage areas margin errors is from 2.9 to 5.6%. This study was exploratory and interpretative in nature however it was tested only on PVC pipes and therefore more testing is needed for other pipe materials.
Researchers in [10] combine the pressure and vibration sensor where the former function to detect the leakage and the later functions to localize the leakage segment. The researcher utilize Head Loss Ratio (HLR) algorithm to detect the leak. The inlet network pressure is the first pressure signal while the outlet of the network is the last pressure signal. The middle value can be pressure at any point measured in the pipeline. Any leakage within the network can be estimated using these pressure values with the proposed numerical method. The leak location can be determined by measuring the sound speed within the pipeline and distance between nearest two sensors on either side of the leak. The vibration at different measurement points need to be calculated in order to determine the two sensors that is located near to the leak. The time series data for total signal available at node location n formula given as:
presents a leak signal time series data and is generated by passing the leak noise model through the pipe response for a particular distance.
is a signal noise and it presents the vibration due to flow that occurring in the background. The researchers in [10] explained in details on the usage of this equation to localize the leakage using cross-correlation techniques in Matlab. The proposed method herein does not require an in-depth knowledge of the water pipeline parameters such as pipeline diameter and flow rates. From the experiment conducted, the localization error gives a different result due to 2018 2nd International Conference on Telematics and Future Generation Networks (TAFGEN) effect of temperature changes. This temperature changes the Young modulus and sound speed.
Mobile sensor networks has gained a lot of interest among researchers due to its nature and advantages especially for the deployment in large area. It has been a favourable options because of its capability to locate the leak precisely compared to the existing methods without affecting the water utility operational service [11] . This advantages have been used as a basis in [11] to proposed a leakage localization using a mobile wireless sensor network solution. Real-time data were collected by mobile sensor nodes that travel along the water flow within the pipeline and the data were transmitted to an access points (beacons). Mixed Integer Nonlinear Programming (MINLP) were used to calculate the optimal sensor and beacon placement to maximize the accuracy and minimizing the budget. Due to high time complexity of MINLP formulation, a disjoint scheme was proposed by splitting the sensor and beacon placement problems and apply the exhaustive search in linear time to determine the number of sensors and beacons. The coverage and detection rate can be increased by having more sensors. Another work from [12] also uses Wireless Sensor Networks (WSN) coupled with Leak detection Predictive Kalman Filter (LPKF). The LPKF will measure the pressure variations and if it exceed the threshold, a flag will be updated from 0 to 1 to indicate a leak. The researcher made known a new techniques that was derived based on physical principle of leak wave propagation and the time difference of arrival method to localize the leakage. Force Sensitive Resistor (FSR) were used during the experiment to measure the pressure however the accuracies was not good enough. So far this method is suitable to be used on-demand to monitor the water distribution network on periodic basis or in the event of uncertain leakage occurrences either from consumer complaints or indicator from static sensors.
Electrokinetic phenomena is a cross-coupling phenomena that associate with relative movement between pore water along with electrical diffuse layer and the sturdy phase of porous material. The hydromechanical events can be localize from the electromechanical source using electrographic method. This inspired researcher in [13] to proof that eletrokinetic nature from the electrical field can be linked with the fluid leakages in a well. The experiment setup used a voltmeter manufactured by BioSemi Inc that was specifically designed for electroencephalography to measure the electrical response. BioSemi ActiveTwo data acquisition system were used to measure the electrode potentials. Two experiments were conducted: 1) To localize the leak by localizing the electrical current causative source using genetic algorithm 2) Same equipment as above and the data were processed using trend removal algorithm that selected the amplitude from 24 receiver channels after the water injection. A water flow outside from the well will change the electrical signal amplitude. A distinct advantages of this technique is it is hard to detect selfpotential signals which is relatively small from the ground surface notably with the existence of electromagnetic noise Acoustic sensor also gained an interest to some researchers in exploiting its benefit in localizing leakages in pipeline. Unfortunately, the effectiveness drops when use in non-metallic
that the acoustic sensor must be passed along the pipeline to detect the leakage accurately. Works by [14] utilize the leak noise correlators to locate the leakages in water pipeline. In the field trial, a sensitive acoustic detector unit was inserted into the pipeline from any tap entrance with minimum diameter of 2" while and the pipeline pressure maintain between 3 to 200 psi. A noise will be generated in the event of leak inside the pressurized pipeline and the noise magnitude and frequency depends on various factors such as pipeline shape, leak size, pipeline material and pressure. The acoustic sensor that move along the pipeline will detect the greatest leak noise which indicate a leakage point. However this method is time consuming and labour intensive [15] .
Researcher in [16] explored the work of using accelerometer to measure the vibration on the pipeline surface to detect pipeline leakages. The pipeline used is Acrylonitrile Butadiene Styrene (ABS). In the study, MPU6050 vibration sensor were used instead of acoustic sensor because acoustic leak detection is only feasible for metal pipeline. While this is to explore on the effectiveness of using vibration sensor since most of the existing research and study is using pressure sensor [6, [17] [18] [19] [20] [21] [22] [23] [24] . From the study, the researcher concluded that the vibration sensor effectively identify and detect different leak size and pipeline pressure. Inline with that, this paper will extend the work of using accelerometer to localize the leakages by cross-correlating the signals from two vibration sensors.
B. Internal system
Common problem when isolating leaks in large scale water distribution network is leak mislabeling and large number of possible leakage locations. Hence, researchers in [18] proposed a sensor placement strategy by setting up the sensor placement optimization problem to minimize the undesired effects with proper assumptions and taken into consideration on practical application such as acceptable distance of the leak location. The researchers divided the leak location problem into two stages; leak location stage and sensor placement stage. A methodology was introduced to locate the leaks within a District Metering Access (DMA) by using pressure measurement gathered from network and the estimation by network hydraulic model. A numerical simulation in Epanet hydraulic solver were used to obtain the sensitivity matrix known as leak signature. The leak signature were matched with the residual vector of each node to determine which node has the highest potential to present a leak. The sensor placement stage methodology utilized the relaxed isolation index to handle real-world effects that affecting the water pipeline systems such as non-linearity, sensor measurement resolution and model uncertainty. The methodology presented here is using pressure sensor but it can be replaced with other types of sensor with minor modifications. This can be extended into multiple leak scenarios and further methods have to be developed in order to expand the sensitivity matrix by taking into account the selection of these new scenarios.
A localization technique that combines the use of models and classifiers based on data-driven approach with the use of statistical classifiers working in the residual space has been studied by [19] . The residuals were created using the models and it was analyzed using the classifiers by taking into account the residual leak sensitivity. The hydraulic model was simulated using Epanet. The classifier determines the most probable leak that produces the mismatches between the measurement and estimation. On identifying the leakage localization, there might be certain scenarios where the leaks can be in several possible locations. To overcome this, the proposed method is completed with classifiers that are applied in a second round.
Another method to localize the leakage is using a multilabel classification approach as explore by [20] . In this study, the researchers proposed a combination of wireless sensor network with pressure data to detect and locate the leaks on multiple position in the water pipelines. The data performance were compared using label classification; RAkEL (random k-label sets), BRkNN (binary relevance k nearest neighbors) and BRSVM to detect and localize the leakage. From the experiment, RAkEL is the best however the accuracy will drop if the leakage location located far from the pressure sensor because of the distance.
Researchers in [24] proposed a mixed model-based and data driven approach to localize the leak location. In the first stage, the pressure measurement were compared with the estimation provided by Water Distribution Network (WDN) to obtain the residuals. In the second stage, leak location is determined by applying the classifiers. The classifier is trained with the data generated by simulation of WDN under different leak scenarios and uncertainty conditions. This method was developed for single leak. For multiple leak, the classifier needs to be train to different possible multiple leak combinations and it is time consuming. Hence there is a need to introduce another efficient method to address the multiple leak problems
The same researchers in [24] proposed another localization method by using Bayesian classifiers [23] . Bayes theory has already been proposed in the context of leak localization and hence the researchers are exploring the use of Bayesian classifier in their works. Hydraulic simulator were used to calibrate offline the pressure residuals probability density functions for all possible leak scenarios considering the leak size uncertainty, demand uncertainty and sensor noise. The computed residuals were applied with Bayesian classifiers to determine the leak location in the WDN. Researcher also improve the location accuracy by combining the Bayesian classifier and time horizon based reasoning. The findings focused on the leakage localization solely and the work can be extended for optimum sensor placement.
Different approaches was explored by [22] . In here an integrated model-based monitoring framework was proposed for leakage localization in DMA of water distribution networks. The leakage localization methodology was based on the combination of flow and pressure sensor at the DMA inlets. The sensors placement was computed using Genetic Algorithm optimization. Direct modelling approach were integrated to identify the leak locations. This study focused on occurrence of single faults inside the water distribution network. It can be expanded to consider a case of multiple concurrent faults.
Researchers in [21] proposed new algorithm to detect the leakages in water distribution network using pressure sensor. The proposed method solely involved pressure data without the flowrate and it overcome three problems that occurred in small leakage detection: inadequacy of durability under noisy conditions, shallow accuracy due to loss of time information and lack of confidence bound. The method consist unification of shifted pressure data, floor function with three parameters followed by curvature function and localization based on statistical estimation. A considerable amount of literature [25] [26] [27] , the moment leak is detected the pipe segment is evaluated by digging the ground area rather than focusing in one point. In view of these ambiguity, the researcher proposed a new localization method that assessed the leak location as a segment with a confidence bound. The leakage can be expressed by two variables: occurrence time (tocc) and leakage location (Lleak) with the assumption of constant wave speed. The degree of freedom was reduced to one and only one of tocc and Lleak is required. Researchers in [28] determine the leak location by measuring the wave speed and concluded that the change in wave speed range causes only a minimal error in the estimated location. The error due to the differences in the wave speed is insignificant and it can be addressed by estimating the leak location as a segment. The proposed algorithm has better performances in terms of two aspects: less false alarms and high accuracy for leakage location.
Kantorovich distance concept is the fundamental property in leak detection and estimating the leak localization proposed in [17] Kantorovich distance is minimum distance represented in terms of cost to shift mass of one probability distribution to another. According to the researchers this method capable to detect and localize leak size up to 1% from the nominal flow rate in the industrial pipeline. In addition, the detection and localization is much faster when handling transient's process as compared to the existing statistical methods. Changes in the pipeline status can be identified using mass flowrates and pressure measurements. In any occurrence of leakage, mass flow rate in the first node increased and mass flow rate in the second node decreased; this is first leak signature. The second leak signature is pressure decreased in all nodes. These two signatures indicates leak is detected and location is further contained. The algorithm parameters can be tune further to have more real time result. Table 1 summarize the comparison of leakage localization techniques. From the list of localization techniques, vibration sensor has a distinct advantages compared the rest. This was clearly explained in [16] where the vibration sensor performs well in non-metallic pipes example ABS and PVC. Nonmetallic pipes has a viscoelastic properties that reduce the sound waves and absorb the sound energy. The air presence within the pipeline affect the leakage detection accuracy. The benefits of vibration sensor also has attract researcher in [10] to use it in leakage localization. However his study implement two types of sensor instead of one. 
III. PROPOSED LOCALIZATION METHOD
Very few researchers focus on using vibration sensor to localize the leakage. The works in [10] combined the pressure and vibration sensor to localize the leakage. The signals from the vibration sensors was applied with cross-correlate method to estimate the leakage location. The localization results obtained is acceptable with a limit of 0.53 m. However the objective was achieved by using combination of two sensors types. Therefore in this paper will extend the research and study by [16] . In the study, the researcher focused on using single vibration sensor to detect the pipeline leakage. In terms of deployment, this proposed method is much simpler compared to [10] . Fig. 2 illustrate the testbed to localize the pipeline leakage. Acrylonitrile Butadiene Styrene (ABS) is used with a length of 10 meters. Two vibration sensors will be mount on the pipeline with distance of two meters apart. All the sensors are connected to a personal computer for data processing and analysis over Zigbee network. Wave Propagation Method (WPM) will be selected to analyze the signal instead of Gradient Intersection Method (GIM) because GIM suffers from inaccuracies during transient conditions. The traditional leak localization formula are given as:
where and represent the downstream and upstream vibration sensor from the leakpoint. is the leak signal speed and and are the times taken for the vibration sensor to detect the wave signals. L is the pipeline length. 
IV. CONCLUSION AND FUTURE WORKS
This paper reviewed some localization techniques which covers the external and internal systems. The current localization method have different accuracies, deployment cost and applicable environment. This paper focus on the external system by using vibration sensor to localize the leakage. Vibration sensor has an apparent advantages compared to other sensors in all types of water pipelines. The proposed localization work here is in progress and the author have a high confident that the proposed method here is significant to obtain a higher accuracies compared to other method.
